Background. Cutaneous angiosarcoma (CAS) is a rare, aggressive vascular sarcoma with a poor prognosis, historically associated with 5-year overall survival (OS) rates between 10 and 30 %. Methods. This is a single-institution retrospective review of patients treated for CAS from 1999-2011. Demographics, primary tumor characteristics, treatment, and outcomes were analyzed. Results. A total of 88 patients were identified (median age 70 years and 57 % female). Median tumor size was 3 cm. Median follow-up was 22 months. The 5-year OS and recurrence-free survival (RFS) were 35.2 and 32.3 %, respectively; median was 22.1 months. Also, 36 patients (41 %) received surgery alone, 7 (8 %) received XRT alone, and 41 (47 %) received surgery and XRT. Of the 67 of 88 patients who were disease-free after treatment, 33 (50 %) recurred (median of 12.3 months). Surgery alone had the highest 5-year OS (46.9 %) and RFS (39.9 %) (p = ns). Four presentation groups were identified: (1) XRT-induced, n = 30 (34 %), 26 of 30 occurred in females with a prior breast cancer, (2) sporadic CAS on head and neck (H/N), n = 38, (3) sporadic CAS on trunk/extremities, n = 13, and (4) Stewart-Treves n = 7. Those with trunk/extremity CAS had the highest 5-year OS (64.8 %), with H/N CAS having the worst 5-year OS (21.5 %). On MV analysis, only tumor size \5 cm correlated with improved OS (p = 0.014). Discussion. In this large series, there appears to be a better overall prognosis than historically reported, especially in Stewart-Treves and CAS on trunk or extremities. While surgery alone was associated with better OS and RFS compared with other treatment modalities, this was not statistically significant. Tumor size was a significant prognostic factor for OS.
INTRODUCTION
Cutaneous angiosarcoma (CAS) is an aggressive sarcoma of vascular origin. These tumors are rare, accounting for fewer than 2 % of all soft-tissue sarcomas in the United States. [1] [2] [3] CAS typically presents sporadically on the scalp and face of elderly white males, but can also develop in areas of previous radiotherapy (XRT) for another malignancy and in the presence of chronic lymphedema of the extremity (Stewart-Treves syndrome). 1 Historically, CAS has a reported 5-year overall survival (OS) rate between 10 and 30 %. [3] [4] [5] While radiation-induced CAS of the breast typically presents 5-10 years after XRT, radiation-induced CAS of the head and neck can develop up to 50 years later. [6] [7] [8] [9] Stewart-Treves angiosarcoma commonly follows axillary lymph node dissection (ALND); the median time interval between ALND and tumor presentation is 5-15 years. 10 CAS often presents as what appears to be a ''spreading bruise'' with poorly defined margins or as multifocal disease. Satellite lesions or multifocal disease may be seen in 41-46 % of patients. 2, 5 CAS is often confused with other entities that present in a similar fashion, especially atypical vascular lesions that are commonly seen after vascular irradiation. [11] [12] [13] [14] Surgery plus or minus adjuvant or neoadjuvant radiation is the gold standard treatment for those patients with CAS and is the only potentially curative measure. 3 However, negative surgical margins can often be difficult to achieve secondary to extensive tumor involvement around vital structures, especially in the head and neck, or in the presence of multifocal disease. Chemotherapy is routinely used in patients with advanced regional or distant metastatic disease. 1 The current body of literature on CAS consists mostly of case reports or small single-institution studies specific to CAS involving only 1 anatomic location or 1 type of presentation (XRT-induced, sporadic, etc.). In this analysis, we reviewed 88 patients with CAS diagnosed and treated at a single institution (Moffitt Cancer Center, a NIH/NCIdesignated comprehensive cancer center in Tampa, FL) for 12 years. We analyzed patient and tumor characteristics as well as treatment algorithms, and we correlate these with outcomes.
METHODS
After Institutional Review Board approval, a retrospective review was performed on all patients diagnosed with and treated for CAS at Moffitt Cancer Center between 1999 and 2011. Of the 131 patients seen with a diagnosis of CAS, 88 patients received treatment and serve as the cohort for this analysis.
Patients were divided into four tumor presentation groups: (1) radiation-induced (XRT), (2) lymphedemaassociated (Stewart-Treves), and sporadic CAS of the (3) head and neck (H/N) or (4) trunk/extremities. Patient demographics, tumor characteristics (size, margin status), treatment parameters, and outcome data were obtained and analyzed.
OS was calculated as the time from date of diagnosis to date of death or last contact. Recurrence-free survival (RFS) was only calculated for those who were considered disease free after primary treatment. A disease-free clinical status was established with either negative margins in surgical pathology or a clinical note stating no evidence of disease after primary treatment. RFS was calculated as the time from date considered disease free to date of recurrence, last follow-up, or death. Treatment groups were divided into surgery only, surgery and radiation, and radiation only.
Chemotherapy and Radiation
The majority of patients who were treated with chemotherapy received taxol-based regimens, while a minority of patients received doxorubicin therapy. Radiation was administered in the following manner: preoperative doses were 50 Gy, postoperative doses were 60 Gy, and bulky disease typically received between 66 and 70 Gy.
Statistical Methods
The relationship between clinical and pathological factors and both (1) tumor presentation group and (2) treatment modality were compared, using the v 2 test for categorical clinical and pathological factors, and Wilcoxon rank sum test for continuous clinical and pathological factors, both with the exact method using Monte Carlo estimation. Kaplan-Meier curves and log-rank tests were used for both OS analysis and RFS analysis. Multivariable survival models were fit using Cox proportional hazard models. All p values are 2-sided and considered statistically significant at the 0.05 level. All statistical analyses were performed using SAS (version 9.3, SAS Institute, Cary, NC).
RESULTS

Patient and Tumor Characteristics
Of the 88 patients in this series, 50 (57 %) were female and 38 (43 %) were male. The median age at diagnosis was 70 years (range 19-92 years). The majority (95 %) of patients were white. The initial tumor presentation was divided into four groups: 30 XRT-induced, 7 StewartTreves, 38 head and neck, and 13 sporadic trunk/extremity. The demographics for the patients in each tumor presentation group are found in Table 1 .
Gross tumor size was recorded in 78 patients and ranged from 0.3 to 38 cm in maximal dimension, with a median tumor size of 3 cm. The median tumor size for sporadic CAS of the trunk/extremities was 4.7 cm, contrasting with 2.8 cm for H/N tumors, 2.1 cm for XRT-induced tumors, and 2.0 cm for Stewart-Treves tumors, but these median sizes were not statistically significant.
Of the 30 patients with radiation-induced lesions (XRT), 26 presented on the breast of females receiving prior irradiation for a primary breast tumor, while 4 presented with disease in the H/N. The median latency period between prior radiation and tumor development was 9 years; however, this time to development of CAS was higher in the H/N patients, with a median latency period of 15 years.
All 7 patients with CAS on a lymphedematous extremity (Stewart-Treves) had a history of breast cancer and prior ALND with a median latency period of 14 years.
Treatment
There were three main treatment groups identified, according to treatment modality directed at the primary tumor: 36 patients (41 %) received surgery alone, 7 (8 %) received radiation alone, and 41 (47 %) received surgery and radiation. The remaining 4 patients received chemotherapy alone for palliative measures and were not included in analyses specific to treatment modality. Although these four patients who received only chemotherapy were not considered in this analysis, the administration of chemotherapy was reported in 34 total patients (39 %), and there was no significant difference observed with use of chemotherapy between the different tumor presentations. Radiation was used more often with H/N tumors than all other tumor presentations (p = 0.009).
While age and tumor size did not show a correlation with treatment modality, there was a significant difference in type of treatment used between the 4 tumor presentation groups. Head and neck tumors were more likely to receive surgery and radiation (66 %), while radiation-induced tumors predominantly received surgery alone (67 %) (p = 0.002).
Margins of resection were at least 1 cm wherever possible around any visible or palpable tumor, unless bound by critical structures. Graft or flap reconstruction was most often used in the head and neck cases (25 of 30 cases) because of a lack of native tissue to close defects and was also used in 13 of the remaining 47 patients who underwent resection.
Of the 77 patients (87 %) who underwent surgical resection, negative margins were achieved in 59 patients (77 %). Of the 18 patients with positive margins after resection, 8 patients had no evidence of disease (NED) on exam after adjuvant radiation. Table 1 shows clinicopathological factors broken down by primary tumor treatment modality. There was no statistical significance with OS or RFS when analyzing treatment modalities.
Outcomes Table 2 shows both RFS and OS at 3 and 5 years broken down by clinicopathological and treatment factors. Median follow-up was 22 months for all patients.
Recurrence-Free Survival The 3-and 5-year RFS rates were 41 and 32 %, respectively. Of the 67 patients who were rendered NED after treatment, 33 (49 %) experienced recurrence of tumor. The median time period for recurrence was 12.3 months with the latest disease recurrence observed at 8.7 years following treatment. A total of 29 patients recurred with only locoregional disease. At any point in treatment, 23 patients (29 %) developed distant metastases, and 6 patients (7 %) had regional lymph node involvement. The lungs were the most common site of metastatic disease (n = 12) followed by bone metastases (n = 4). Figure 1 shows the RFS Kaplan-Meier curves for both presentation of tumor and treatment modality. All recurrences in the Stewart-Treves CAS group were seen by 3 years (5 of 6 patients recurred) and by 5 years in the H/N CAS group (15 of 26 patients recurred). Patients with Stewart-Treves and H/N CAS experienced more frequent recurrence of tumor than those with radiation-induced or sporadic CAS (p = 0.025). Tumor size \5 cm correlated with improved RFS (p = 0.028). Although not significantly different, age \70 years and a negative margin status all correlated with improved RFS, as seen in Table 2 .
Overall Survival A total of 42 patients (48 %) died from CAS at a median survival of 22.1 months. The 3-and 5-year OS rates were 55 and 35 %, respectively. H/N CAS had the lowest 3-year OS (49.3 %), while Stewart-Treves CAS had the highest (66.7 %). Figure 2 shows the OS Kaplan-Meier curves for both presentation of tumor and treatment modality. Like RFS, age \70 years, a negative margin status, and surgery alone as treatment all correlated with OS although not statistically significantly (Table 2) . Interestingly, those patients with primary tumor size\5 cm had a significantly improved OS on multivariable analysis (p = 0.023). Figure 3 shows Kaplan-Meier survival curves based on tumor size \5 and C5 cm. DISCUSSION CAS is a rare and aggressive malignancy that shows marked heterogeneity in presentation and etiology. In this series of 88 patients, the 5-year OS was 35 % for all patients. The most commonly observed presentation of CAS was on the head and neck of white males older than 70 years of age, accounting for 75 % of patients with sporadic CAS. The remaining tumors were predominantly found in females (89 %) around 70 years of age with a history of breast cancer who underwent either whole breast irradiation, ALND, or both. These demographic findings are similar to previous reports. 2, 3, 15, 16 It is well known that radiation can cause CAS, and the risk of developing CAS increases with higher doses and time elapse after administration of XRT. 17 While the majority of radiation-induced tumors occurred in the breast (86 %), 4 patients developed tumor associated with previous radiation in the head and neck. Chronic lymphedema is another classically described cause of CAS. The direct causation between lymphedema and the development of CAS is unknown; however, it is hypothesized this is due to either a systemic carcinogenic factor or a local immunodeficiency due to the disruption in the lymphatic system. 10 In this series, 7 cases of CAS developing in an edematous extremity were identified. Other than previous XRT and chronic lymphedema, the etiology of CAS remains unclear.
In the current series, CAS patients were found to have a slightly better prognosis than that which is historically reported, with a 3-and 5-year survival of 55 and 35 %, respectively.
While advanced age has historically been associated with a worse prognosis, our study did not show a statistically significant improvement in either OS or RFS with patients \70 years of age. Tumor size is another characteristic of CAS shown in literature to correlate with disease outcome, a tumor size \5 cm indicating an improved prognosis. 2 Our results were consistent with this finding as tumors smaller than 5 cm had a statistically significant improvement in OS (p = 0.014) on multivariable analysis. This analysis accounted for different treatment modalities that might have been used for different tumor sizes. While tumor size did not correlate with treatment modality, there was a significant difference with treatment used for the 4 tumor presentations studied (p = 0.0007). Surgery ? XRT was predominantly used in lesions of the head and neck. Meanwhile, surgery alone was the primary mode of treatment in the remaining tumors, especially in patients with radiation-induced tumors. In these patients with a history of radiation, surgery alone had a 2:1 prevalence over the other treatment combinations (XRT only, surgery ? XRT).
In this series, patients with CAS of the head and neck experienced positive margins 50 % of the time, while those with radiation-induced tumors only had positive margins 16 % of the time. Difficulty obtaining wide margins secondary to tumor involvement or juxtaposition to vital structures and frequency of multifocal disease in the head and neck region limit aggressive resection. 2, 16 This anatomic limitation might explain why patients with CAS of the head and neck had lower OS and RFS at 3 and 5 years than those with Stewart-Treves CAS, who had the highest 3-and 5-year OS. Interestingly although all recurrences in the Stewart-Treves CAS group were within 3 years there was an improved OS. This could likely be explained by more aggressive treatment interventions unique to the extremity that may prolong survival, such as forequarter amputation and isolated limb infusion/perfusion for advanced tumors that were localized.
The implication of surgical margin status on outcome of CAS is debated in the current literature. Morgan et al. 18 reported a series of head and neck CAS, showing a correlation between positive surgical margins and decreased OS. However, multiple studies, including this review, have not shown such a correlation. 2, 5, 19, 20 Furthermore, it has also been reported that intraoperative ''negative'' margins have often shown disease on final permanent section. 5 There was no significant difference in rates of both locoregional recurrence and distant metastasis among the different tumor presentations or treatment modalities studied. This is consistent with other institutional reviews of this aggressive malignancy. 1, 15, 16 Because of the difficulty obtaining ''true'' negative surgical margins and the high rate of recurrence and metastasis associated with CAS, there is current debate about the role surgery plays in treatment of this disease. In 2008, Buschmann et al. 21 reported on a series of 19 patients with sporadic head and neck CAS and suggested surgery should be limited to a debulking procedure that allows for permanent defect cover in order to reduce both patient morbidity and extended surgical recovery time that may delay the ability to start adjuvant therapy. Guadagnolo et al. 2 also reported on the extent of resection, stating standard of treatment at their institution for H/N CAS consists of neoadjuvant chemotherapy before gross resection of tumor without attempt at negative margins followed by radiotherapy. Although not significant on multivariable analysis, surgical intervention still provides the greatest potential for improved 3-and 5-year disease-free survival and OS, and we recommend aggressive surgical intervention with radiotherapy if possible.
The limitations of the current study relate to the small total cohort, further broken down into subgroups, which negatively impacts the statistical analysis as a result of the small sample size of each cohort.
The effect of chemotherapy on recurrence and survival with CAS is unclear. 1 Case reports and small studies continue to show a response of CAS to chemotherapy; however, there is insufficient evidence that any of these treatments improve disease outcome. [1] [2] [3] 22 However, these results may be explained in part by selection bias as chemotherapy has historically only been used in patients with advanced CAS, and there is a need for further study of therapeutic and targeted agents for CAS. 
